Knowledge management has been described as 'getting the right knowledge to the right people in the right place at the right time'. Knowledge dissemination is a crucial part of knowledge management because it ensures knowledge is available to those who need it. This paper reviews four well-known knowledge dissemination techniques. Each technique is classified according to a recently proposed classification scheme, and advice is given regarding when it is appropriate to use each technique.
Introduction
Knowledge management (KM) has been defined as "a conscious strategy for moving the right knowledge to the right people at the right time, to … improve organizational performance" [1] . Knowledge dissemination -distributing knowledge to those who may need it -is therefore a crucial part of knowledge management.
A wide range of approaches to knowledge dissemination is available. It is important that organisations choose an approach that is appropriate for the knowledge being disseminated and for the organisation's structure, culture and business goals. This paper begins by describing a recently published method that can be used to classify knowledge dissemination techniques. It then describes four knowledge dissemination techniques and when they should be used, including real life examples from the domain of health and safety. It concludes by summarising the pros and cons of the four categories within the chosen classification scheme.
This publication and the work it describes were funded by the Health and Safety Executive (HSE). Its contents, including any opinions and/or conclusions expressed, are those of the authors alone and do not necessarily reflect HSE policy. 1 . Knowledge is not passively received either through the senses or by way of communication, but is actively built up by the cognising subject. 2. The function of cognition is adaptive and serves the subject's organisation of the experiential world, not the discovery of an objective ontological reality.
A phrase that is frequently used to summarise the constructivist view is that knowledge is a "justified personal belief" [5] .
The practical implications of these views are that constructivists see knowledge as inseparable from an individual's mental model(s); this makes them favour 'connect' approaches to knowledge management, as it seems to them that anything 'collected' into a repository cannot be knowledge. The justification for this is that a repository is not animate, and is therefore not capable of holding a belief [6] ; so anything in a repository must be information rather than knowledge. Constructivists also often prefer informal approaches, as there is no guarantee that the framework that accompanies any formal approach will match well with a learner's mental models.
Cognitivists, however, aim to build models that represent the knowledge in someone's head but are separate from it (for a detailed methodology based on this approach, see [7] ); they must therefore use 'collect' approaches. They also often prefer formal approaches, either because there are rules that describe how their models can be built, or because they are aiming to build a model whose structure reflects the expert's mental model(s). Therefore, it should be expected that there will be more proposed techniques (or at least, more enthusiasm for techniques) that fall into the 'informal connect' and 'formal collect' categories than in the other two categories..
Another KM debate that is informed by Milton's classification is the debate over whether tacit or explicit knowledge predominates in experts' heads, and what effect that should have on knowledge management techniques. Key arguments include the following:
• Dave Snowden, a well-respected KM practitioner argues that, because there are multiple factors in our environment and in our experience that influence us in ways we can never understand, we do not know what we know until we need to know it [8] . In other words, he argues that much of our knowledge is tacit until the context when it is needed arises. This is often taken to imply that 'collect' approaches to KM will be ineffective, as these approaches necessarily abstract knowledge away from its context. • There are some situations where the context itself forms part of the necessary knowledge, but even the experts are unaware of this; perhaps the best known involved the original design of a specialised laser, in which the laser only functioned if a certain wire was below a certain length -no-one explicitly 'knew' this, but scientists who had viewed the original working set-up of the laser were able to re-create it and produce a working laser, whereas scientists © Crown copyright 2012. Contains public sector information licensed under the Open Government Licence v3.0.
4 who merely followed the circuit diagrams often could not do so [9] . In such situations, it is clear that the 'collected' knowledge is incomplete.
• The well-known 'knowledge creating cycle' proposed by Nonaka and Takeuchi [10] suggests that innovation occurs through a process that involves both tacit and explicit knowledge, but that the 'combination' step that creates new knowledge occurs when knowledge is tacit. This implies that 'collect' approaches will never fully support innovation, because knowledge that can be collected is always explicit; this implication is argued explicitly in [11] .
In summary, any transfer of tacit knowledge is often deemed to require 'connect' approaches.
Cognitivists might reply to the above objections to 'collected' knowledge by arguing that context-dependent tacit knowledge can be made explicit, and then 'collected' by using realistic scenarios in knowledge capture sessions (e.g. see [12] ). Dave Snowden himself accepts the need for some 'capture' of knowledge or information about the context in models [13] . Cognitivists would also argue that abstracting knowledge from its context is not only useful, it is essential if the important knowledge is to be clearly identified and its structure understood (cf. [9] ). Regarding innovation, they would argue that for many business applications, it is not the creation of new knowledge that is important, but rather making existing knowledge available to those who need it in a usable form.
From a neutral standpoint, the most obvious point that emerges from these debates is that there appear to be two separate strands of practice that are both called 'knowledge management', but which are based on different theories, use different techniques, and support different business goals. Therefore, one of the keys to successful knowledge management in organisations is to understand the circumstances in which different techniques should be applied.
The remainder of this paper will examine four knowledge dissemination techniques; classify them into Milton's scheme; present examples of how they have been applied in a particular domain; and identify circumstances in which that technique is likely to be successful. It concludes with a review of the usefulness of Milton's classification scheme in selecting knowledge dissemination techniques.
Examples of knowledge dissemination techniques
This section describes four knowledge dissemination approaches that were chosen because they were perceived to be commonly used in commerce, industry and government.
The key to using COPs as a KM dissemination technique is to encourage regular contact between COP members about knowledge need, available knowledge, and ideas. Contact can be either through face-to-face contact (in meetings and workshops, rather than one-to-one chats; the goal is for shared knowledge to be available to the whole community) or through internet-based discussion fora and/or other collaboration spaces.
Communities of practice are an 'informal connect' approach 1 to KM dissemination, according to Milton's categories; they connect those who need knowledge with those who have knowledge, and the knowledge that is expressed is usually in the form of conversations.
Example: A Community of Practice in HSE
The UK Health and Safety Executive (HSE)'s mission is to prevent death, ill-health and injury to those at work and those affected by work activities. HSE's staff include (amongst others) inspectors, who inspect workplaces for health and safety risks or breaches of health and safety legislation; specialists, whose task is to maintain an indepth up-to-date knowledge of a particular type of health and safety risk; and policy makers. HSE's staff are located in several offices, spread throughout Great Britain. HSE inspectors also spend considerable time visiting workplaces; if an incident has taken place at a workplace, they may be away from the office for several days at a time.
The Process Safety Community of Practice and Interest was originally conceived as a web based help desk in connection with setting out acceptable process safety standards for legal compliance. However, the ability to communicate widely and to interact with practitioners not only allowed the consultation and dissemination of new guidance and standards, but also allowed engagement of the wider community to consider particular technical problems and to agree an approach to take where clear decisions could not easily be made.
A clear advantage of the Process Safety community is that it engages a technical audience, with a broad base of skills and experience across wide and differing organisational boundaries. The community has been widened to include not only members of the process safety discipline, but also staff from mechanical engineering; electrical engineering; control and instrumentation; predictive specialists; and nuclear engineering.
One community member stated that this knowledge sharing forum provides a accessible conduit to "knowledge which is nascent in inspector's brains" and also provides a feeling that "you are part of a wider technical community, which can support you across organisational boundaries". It has been responsible for storing information; technical references; web-based links; material for developing new members of staff; and documenting approaches to particular technical issues. It has Open Government Licence v3.0. This community is successful because:
• It allows a widely dispersed group of differing technical specialists to communicate with each other across organisational boundaries; • Community members can seek out knowledge and experience on a technical issue from a topic expert, who may otherwise remain unidentified within the organisation; • The community can seek an independent opinion about a technical issue without formality and support an approach to take on challenging issues; • Information is uploaded, downloaded, stored and communicated for the interest and benefit of all; • The community's web site can be searched using technical search terms, which quickly generates a view about what is known within the community about a particular issue; • The community promotes networking and problem solving;
• The community can generate new leads;
• The community reduces stress for inspectors who can otherwise feel very alone in making difficult technical decisions.
When should communities of practice be used?
COPs work best when:
• Members have a shared history together, because establishing an effective COP requires a feeling of belonging to the community [15] . This factor highlights the importance of having face-to-face meetings of a community as well as an online discussion forum [16] . In the example above, the activities of the Process Safety community were supported by occasional face-to-face meetings; • Geographically dispersed staff who have only occasional face-to-face contact need to work together, or to access each other's expertise [17] ; • There is a need to obtain knowledge more quickly than it could be obtained from written sources [17] ; • It is important to integrate new staff into a work community quickly [17] [18] .
• There is an occasional need for new or innovative knowledge. New knowledge is often generated when a discussion of somebody's question leads not just to a solution, but also to an exchange of ideas about improved or new solutions (as seen in the development of new standards by the process safety community; see also [17] ).
• There is a possibility of unexpected or unpredictable interactions with users, such as demands for 'knowledge' that cannot be answered accurately without addressing the user's underlying assumptions 2 . In such cases, 'collected' knowledge must be accompanied by explanations of how the user's mental model Open Government Licence v3.0. 7 needs to be modified to make use of the knowledge correctly. Humans who are having a conversation -or the written equivalent -are better than almost any collection of knowledge can be at diversifying responses, understanding contextbased misapprehensions, and providing relevant explanations.
The size of a community should ideally be (as a rule of thumb) between 10 and 100 people. If the group is less than 10, it is likely that each of them will know all the others quite well, removing some of the need for a COP, and that any online forum will be accessed only rarely, thus reducing its usefulness. As for the upper limit, most literature on KM implicitly assumes that large knowledge-sharing groups are more effective and efficient than small groups [19] [20] because "there is a big enough group to create a useful database of information" [21] . However, Butler [22] argued that large numbers could negatively affect a community, as having too many members can make it difficult to converge on a joint enterprise; interactions between any subset of members may be occasional and unsustainable; and shared repertoires may be difficult to build, maintain, and understand. There is also the consideration that a large community that asks many questions might create unacceptable demands on the time of the community's experts. Voelpel et al [23] also discovered that smaller groups are more likely to respond or engage in the act of knowledge sharing, while still providing a comparably high level of knowledge. Voelpel et al propose that COP group sizes should be limited to around 100 members.
Knowledge Portals -'Formal Connect'
Knowledge Portals (KP) are IT systems, often with a web page as a user interface, that provide a single point of access to key information and knowledge resources [24] . The information supplied can be customised according to user requirements. They can bring together information from internal and external sources that is relevant to an individual or a group. Commonly-used sources include corporate message boards, document search results, internal databases, specialised websites, or news channels [25] .
In technical terms, KP are 'middleware': they provide a mediating layer between the information applications and the individuals using them (see Figure 2 ). KP were first developed as organisations sought to unify information access and improve the management of information resources by trying to replicate the popularity and success of public domain, web-based portals such as Yahoo and Google [26] [27] . The KP approach can be seen as a natural evolution of intranets and groupware solutions into a common information infrastructure [28] . In Milton's classification, knowledge portals are 'formal connect' systems. They connect users with other sources of knowledge, rather than storing knowledge in a repository. The formal design of the knowledge portal acts as a structure for the knowledge contained within it.
© Crown copyright 2012. Contains public sector information licensed under the Open Government Licence v3.0.
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Figure 2
The portal as 'middleware' [29] Example: A Knowledge Portal in HSE's Chemicals Regulation Directorate HSE's Chemical Regulation Directorate (CRD) has the task of approving chemical substances (including pesticides) for use, and recording that approval with a Europewide database. CRD needs to access relevant regulations, associated guidance and studies that have been carried out on the substance. There is a great deal of guidance available for pesticides; the regulations, the guidance and other necessary information are stored on a variety of databases and websites. Some information is buried several levels down in European Commission websites, which are not always easy to navigate. Furthermore, requests for approvals are submitted electronically in a structured format, and records of requests (and responses) must be stored on a database run by the European Commission in a similar structured format.
CRD introduced a knowledge portal to address the challenge of providing its staff with access to relevant technical information on pesticides. When the user selects a substance from the master list of substances (there are about 200 substances in total), a page of further links is displayed, including the background to decision-making and issues discussed. Staff from each section who have received brief training from the IT department are able to create customised portals that provide extra information relevant to that section.
This knowledge portal approach is successful because:
• it can provide users with links to all and only the information sources relevant to their work; • it gives users direct access to hard-to-find web pages;
• it is not technically difficult to set up, so users can be trained to set up their own systems; • by eliminating intermediate pages and by caching frequently accessed pages, it reduces 'click-through' time and produces considerable improvement in internet efficiency.
Another indirect advantage is that the file-sharing facilities of the underlying software (Microsoft SharePoint) mitigate the potential risks to reputation and information security associated with sharing knowledge between staff at CRD's multiple sites.
When should knowledge portals be used?
Knowledge portals should be used:
• Where there are several key IT systems through which staff repeatedly need to access specific information [30] ; • Where frequently used IT systems are difficult to navigate, so staff would benefit from a customised interface to these systems [31] 
Knowledge Codification -'Formal collect'
Codified knowledge is defined here as knowledge that has been re-formatted and/or had additional indexing features added to it. The purpose of this is to make the knowledge more understandable and accessible, whether by a person or by a computer program.
There are several methods of knowledge codification requiring different degrees of modification of the knowledge in question.
Re-formatting: small modifications
Codification methods that require only small modifications include drawing a diagram to represent a process that was originally described in words (creating a 'knowledge map'); re-arranging the order of sections in a document; or abbreviating long paragraphs of text as checklists -for example, distilling the records of 'lessons learnt' exercises into a list of key lessons. The codified knowledge that results from these processes is usually suitable for user manuals or databases; an example can be found in [36] .
Re-formatting: large modifications
Larger modifications to knowledge are usually required if the knowledge is to be encoded into an IT system. Knowledge that has been captured as stories or in structured interviews may be searched in order to extract knowledge that fits certain formats (e.g. rules of the form If X is true then Y is true 3 ). Alternatively, one or more knowledge maps based on the text may be produced, with the final map(s) being used as a specification for an IT system [37] . Databases may similarly be analysed for associations between data entries that can be transformed into rules or a relationship map [38] .
Indexing: small modifications
Indexing schemes can also be small-scale or large-scale. Small-scale indexing schemes include creating an index to a book or document, or creating hyperlinks within a document to other parts of the document.
Indexing: large modifications
Large-scale indexing includes:
• identifying and linking a list of key features to 'knowledge items' in the document [39] ; • extracting the 'knowledge items' and positioning them within a newly created or existing taxonomy or other classification scheme [40] ; and • running analyses on text in documents in order to group them with other documents with similar keywords [41] .
Re-formatted knowledge is most often used to make guidance or procedures available to its intended users. If it is in the form of a manual or guidance document, it can be distributed as a readable document, whether on paper or electronically. If the knowledge is encoded into an IT system, the system will typically ask the user some questions about the features of a current situation or problem, and will use its encoded knowledge to suggest guidance for the situation or a solution to the problem.
Indexed knowledge is used to support searching of a large collection of knowledge. It is most often used to support 'lessons learnt' processes, i.e. to search a large collection of past cases/incidents/projects for those that are relevant to the current situation. The enquirer can extract and apply the appropriate lessons.
Supporting software is available for all the codification activities listed above:
• Small-scale re-formatting of knowledge can be supported by computer programs such as computer-aided software engineering tools or mind mapping software; • Expert systems are computer programs that encode expert knowledge that has been through large-scale reformatting; • Many technologies that support small-scale indexing of knowledge are incorporated within popular desk-top publishing packages; • Once large-scale indexing has been performed, case-based reasoning is a computer technology that scans a database of past problems and solutions, and uses indexed key features to match a current case against the most relevant past case(s).
Knowledge codification requires that all knowledge is collected into a repository before being represented in a codified form; and the codification process always requires organising the knowledge into some kind of structure, framework or model. In Milton's classification, knowledge codification techniques can therefore be considered to be the epitome of 'formal collect' systems.
Example: Expert system in Occupational Hygiene
EASE (Estimation and Assessment of Substance Exposure [42; 43; 44] ) is an expert system built for HSE for assessing workplace exposure to potentially hazardous substances.
The objective of the system is to enable assessors (inspectors or specialists with expertise in occupational hygiene) to produce an estimate of the extent to which workers will be exposed to a new or existing hazardous substance. It achieves this by guiding the user through a decision tree, with conclusions that are drawn from an analysis of HSE's National Exposure Database. The system's completeness was validated by running exhaustive tests that followed every possible path through its decision tree, and then checking the accuracy of its outputs.
The system helps assessors to remember all the necessary questions to ask when considering a new industrial process, and then estimates an exposure level from their answers. The system also incorporates backtracking facilities to allow errors (e.g. if the user supplies incompatible answers to two questions) to be corrected and 'What If' analyses to be performed.
EASE has now been superseded by other expert systems, notably the Advanced Reach Tool [45] , but its lasting benefit to HSE has been its influence on approaches to exposure assessment within the European regulatory framework.
When should codified knowledge be used?
Codification of knowledge is useful:
• When there are many potential users of the disseminated knowledge or where the potential cost savings are very large. Codified knowledge is expensive to produce compared with other knowledge dissemination approaches, especially if largescale modifications are made, so there needs to be a large user base to make it cost-effective. See [46] for an example of an expert system that saved a large procurement department, with a few hundred staff, an estimated £30 million per year; • Where there is a strong desire for a group of users to use a standard form of knowledge and/or a standard approach to solve a particular problem; • Where a task can be performed better by an expert system than by a human expert because of time constraints. For example, the task of scheduling (or dynamic rescheduling) of aeroplanes by a major airline, in order to ensure that aeroplanes arrive at maintenance hubs just before their regular maintenance check-ups are due, can be performed better by an expert system than by a human expert [47] ;
• Where the knowledge concerns a specific task that includes several decision points; • Where knowledge consists of an overview of the organisation, including topics such as who has the authority to make decisions, or which departments carry out which procedures. Knowledge mapping can provide a guide to this type of knowledge, and also to when, why, or with what resources tasks are performed (see [48] ); • Where the specific task being considered is one to which all possible solutions can be listed. This is a 'rule of thumb', because it is possible to use codified knowledge to support tasks where it is not practical to list all solutions (such as the airline scheduling task described above), but it is usually less cost-effective to support such tasks; • When it is important to be sure that the knowledge being supplied by a dissemination technique is complete (verification) and accurate (validation). This is only possible when using 'collect' approaches, and is easier with 'formal collect' approaches, because the restructuring of the collected knowledge often highlights issues relating to verification or validation. An example of such an issue is the possibility, identified in the EASE system, that users might give answers to two questions that are incompatible with each other.
Apprenticeship/mentoring and training -'Informal connect/Formal connect'
The apprenticeship model is one of the oldest forms of learning, in which a novice obtains practical experience by working with and being instructed by a skilled craftsman, artisan, or tradesman. A genuine apprenticeship involves a long-term commitment that is designed not merely to enable an apprentice to achieve a threshold level of acceptability, but to prepare the newcomer to function as a professional member of that trade [49] . Mentoring works on the same principles as apprenticeship, but may be less formal, or of shorter duration: for example, job rotation or job swaps often require setting up a mentoring relationship.
Features of successful apprenticeships include:
• Recognition of achievements;
• Entry into a community of practice 4 , including social initiation into the rules of the community;
• Purposeful learning by carrying out an authentic task;
• Learning through practice, in the context within which the task is most functional and useful;
• Tasks that are graded and progressive;
• Initiation of apprentices being seen as important by the skilled staff, even when this process might hinder the speed of work.
13
Training courses are often used to accompany apprenticeship/mentoring, so that staff learn formally from the trainer and then put their training into practice in the role of apprentices.
Training is a 'formal connect' approach, in Milton's terms -the trainees are given the chance to connect with a teacher who conveys structured knowledge to them. Apprenticeship/mentoring is an 'informal connect' approach, though with a few formal aspects e.g. in the progression of tasks that is organised, and in the recognition of achievements.
Example: Mentoring in HSE's inspector training
HSE's training programme for newly recruited inspectors can be considered to operate on a training/mentoring model:
• The training programme is based upon sequenced stages and includes a mixture of on the job experience and formal training, designed to develop the skills and knowledge required of an independent inspector. • The mentoring aspects are provided to new inspectors through joint visits to workplaces with experienced inspectors from their own and other groups, as well as observing specific procedures such as prosecutions, tribunals and inquests. The new inspector's role progresses from involved observer to lead inspector, and then to independent inspector.
When should apprenticeship/mentoring be used?
Apprenticeship/mentoring can be seen as the default approach to knowledge dissemination; it will work in nearly all situations, but it is more time-consuming than other methods. It takes a long time, typically 2-5 years, before the apprentice is fully experienced. It also requires quite a lot of the expert's time for each learner; it is not practical for an expert to pass on his knowledge to more than a handful of apprentices while still performing his regular tasks. The use of formal training reduces the latter problem, but apprenticeship/mentoring cannot compete for efficiency with other knowledge dissemination techniques, which can reach many learners simultaneously.
Apprenticeship/mentoring is particularly useful for disseminating tacit knowledge, or for tasks that require knowledge of graphics or diagrams, perception, or physiology (i.e. coordinated muscle movements). An example of perceptual, geometric and physiological knowledge can be found in the rail industry: the (now largely obsolete) task of 'wheel tapping' involved striking the wheel of a railway engine or carriage with a long-handled hammer and listening to the resulting sound to determine if the wheel was cracked or damaged. The primary skill used by wheel tappers was perceptual (identifying 'incorrect' sounds); there were also secondary skills in knowing where and how hard to tap the wheel (geometric and physiological knowledge). Open Government Licence v3.0.
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Conclusion
This conclusion highlights the pros and cons of knowledge dissemination systems within each of Milton's four categories. These features should be taken into consideration when choosing which type of system is appropriate.
Informal connect techniques are typically the easiest to set up, and (if the experts are readily available) quick to use. They allow knowledge seekers to hold conversations with experts, which is important if the knowledge must be explained in more than one way before the seeker can integrate the knowledge into his mental model. These conversations can also be a source of unexpected knowledge for seekers, or even of creativity or innovation, especially if more than one expert is involved.
It was predicted earlier in this paper that there would be more, or more enthusiasm for, 'informal connect' than other types of technique. This seems to be the case: there are several techniques that are designed to allow people to share knowledge verbally and informally, albeit within a structured context. These techniques include peer assists [50] ; storytelling [51; 52] ; 'an audience with' (a highly interactive seminar); and social media. The social media model in which someone makes a statement and others choose to comment on it is similar to the approach of an online community of practice, if the topic of the statement is a request for knowledge or an offer of knowledge.
There are several arguments in the literature that suggest that informal connect techniques are favoured by knowledge seekers. Indeed, Cross and Sproull [53] found that, given a choice of approaches, users will often choose to obtain knowledge by 'connecting' with nearby experts, even when collected knowledge is easily available and of high quality. The reason is that conversations with more experienced individuals often supply staff with more information than just the answer to the question. They may also get metaknowledge (where to go to get more information on the issue, or conversely where not to go because a certain report is outdated); problem reformulation (when the expert suggests a different way to look at the problem or issue, or highlights potentially unforeseen consequences of actions); validation (assurance that the approach the seeker is taking is on course, and consequent appreciation); and legitimising (an expression of approval by a person in authority or with known expertise, which the seeker can then use to influence others). Milton [4] also suggests that informal connect systems are popular because their informality makes them easy to use, and because users have the freedom to introduce new discussion topics in their own words rather than trying to understand the system's language or classification.
However, the potential for new discussions to open up is also one of the disadvantages of informal connect systems; in Milton's words, they can end up more as gossip than an exchange of knowledge. Another disadvantage is that the knowledge is usually not stored for the benefit of later users who might need it; there is a risk that only those who use the system at the time the request is answered will benefit. It is also difficult for the organisation to verify or standardise the knowledge that is shared.
Informal connect systems are also relatively demanding of the time of experts, which becomes a problem if the number of people seeking their knowledge exceeds 100 or so.
Formal connect systems typically require basic IT skills from developers and users. They are mainly useful when there are a number of information sources (human or IT) that need to be consulted and the resulting information amalgamated to solve a problem; or where there are information sources that need to be consulted regularly because their content is regularly updated. These information sources may be in-house sources that consist of collected knowledge; for example, Milton argues that formal connect systems are ideal for sharing 'lessons learnt' in areas of complex or context-specific need, or for accessing knowledge about topics that are rapidly changing. Formal connect techniques may therefore be most useful when used in conjunction with collect approaches.
Formal connect systems usually reduce effort for the knowledge users, but do not necessarily reduce effort for knowledge providers.
Informal collect approaches arguably include all forms of publishing 5 , but a more practical view restricts 'informal collect' knowledge dissemination techniques to material that is 'published' on a voluntary or as-needed basis in order to address a perceived lack of available knowledge. Techniques in this category include blogs and wikis. Published text is usually easy to understand, and often provides background context as well. However, text can sometimes be hard to search or to query, particularly in cases where multiple terms can be used to describe similar concepts. Semantic tagging (e.g. within semantic blogs [56] ) can reduce these difficulties.
Collect approaches are always more laborious to implement and to maintain than connect approaches, as the knowledge has to be written down ('captured'), and the user must then search it for knowledge relevant to their needs. However, the 'capture'process can be shared between many people in systems such as wikis. Perhaps the biggest advantages of 'collect' approaches within organisations are that the knowledge now resides in a record, and that record belongs to the organisation rather than to an individual. The fact that the knowledge is recorded means that the knowledge can be verified and validated and the results can be supplied to users as 'standard' knowledge. However, a corresponding disadvantage of voluntary approaches to knowledge sharing is that the body of collected knowledge is likely to be very incomplete; Milton argues that voluntary wikis draw on only about 2-3% of all available knowledge about a topic.
Formal collect systems require the most effort to establish, as the knowledge has to go through three distinct stages: capture; structuring; and making the knowledge comprehensible for dissemination. However, this very process subjects the knowledge to greater analysis than in any of the other techniques, which brings advantages if the knowledge needs to be verified, validated, standardised, or made easier to understand. The way in which users access or make use of this knowledge can also be controlled quite tightly (if desired) by building it into IT systems. The ultimate in control is the expert system, which is unique amongst knowledge dissemination techniques in that its primary purpose is not to supply knowledge to users to enable them to make decisions; instead, it directs queries to the users, makes its own decisions, and then produces an answer. For users who want to learn how decisions were made, or to decide whether the system is trustworthy, appropriate justifications are usually made available. These systems are therefore most suitable for tasks where there are a large number of users with low levels of expertise.
Alternatively, IT-based 'formal collect' systems can utilise the power of computing to automate tasks that are too complicated for an expert to perform optimally; these are usually tasks such as configuration, design, planning or scheduling that follow a set of knowledge-based principles with a set of constraints, but have a very large number of possible solutions.
The biggest difficulty that formal collect systems have is being applicable to a wide range of problems. The need to follow a structured dialogue may occasionally make it difficult for users to enter the content into the system that they want to enter; and if any knowledge is required that goes beyond the knowledge stored in the system, then a formal collect system is simply unable to supply it or support a search for it.
It was predicted earlier that formal collect approaches would outnumber, or at least engender more enthusiasm, than informal collect or formal connect approaches. In practice, this prediction seems to be mitigated by users' natural preference for informal connect approaches (as identified by Cross and Sproull) and by the effort required to design and distribute formally collected knowledge. However, in circumstances where formal collect approaches are justfiied, they can provide organisations with very large savings through improved efficiency and through more effective decision making.
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